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The present apphcanon is.a contmuatron-m—part ap-
pheatlon of our co-pending  application. -Serial No.
381,108, ﬁled September 18, 1953; and of our co-pending
apphcatron Serral No. 369,959, ﬁled July 23,1953, now
Patent No. 2, 798 811 of Tuly 9, 1957.

The present invention. relates. .to - the. control of
m1crob1010g1ca1 :growth. in ferrnentatrons employmg yeasts
and to an improvement in the fermenting activity.of yeast
by the addition of -a. combination of the two. antibiotics,

polymyxin ‘and pemcrlhn, in- controlled small - amounts-

to the fermentation - medium, or to the. pitching veast,
or. to the nutrient medrum prlor to -the addition of the
yeast

- In our co-pendmg apphcatlon Senal No. 336, 873 (now
abandoned) and which-is continued in our continuation-
in:part apphcatron Serial No. 381,108, we dlsclosed that
the gram. negative. rod. Flavorbacterzum proteus can be
completely eliminated in a brewery fermentation by sur-
pnsmgly low concentrations of the antibiotic polymyxm

-.The: bacteria that:commonly . 1nfect brewer’s yeast and
brewery beer : fermentatrons .are . gram. negauve rods
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growth of the bacteria,. This prior art treatment has
required- the brewer to maintain yeast propagating units
which are kept under carefully controlled conditions to
keep ‘the yeast free from bacterial infection.: This -has
been - costly and burdensome. Frequently, despite the
careful control which has been maintained, bacterial con-
tamination of the yeast still occurs ‘in inexplicable
fashion, and the fermentation bath must be discarded.

- The only method which existed heretofore for the com-

'plete elimination: of the bacterial infection .of brewers

yeast is to discard the infected yeast and to replace it

" with a' yeast' that has been propagated in such a‘'manner
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that it has been kept. free of bacterial infection.  Most
breweries are not equipped to propagate yeast in. this
manner and to repeatedly purchase such pure yeast 1s,
of course, quite costly.

-In-our co-pending application Serial No. 381, 108 the
mhrbrtmg effect of the antibiotic polymyxin is descnbed
with: reference. to. the fermentation of beer and ale using
the: yeast Saccharomyces carlsbergensis and- with respect

- to industrial fermentations utilizing the yeast Saccharo-
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myces cerevisiae or the yeast Schizosaccharomyces. In
this application there is also mentioned that the same
effect. on the stimulation of fermentation and the inhibi-
tion of Flavorbacterium proteus is observed when mix-

. tures of other antibiotics and polymyxin are added to
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Flavorbacterzum proteus, gram positive ‘cocci Pediococ- .

cus damnosus and gram positive rods- Lactobacillus pas-
to nus ot species that are closely related to the above.
.Of these,, the one most. commonly found. and the one
tha s capable of. growmg most: rapidly: duirng a normal
beer fermentatron iis. the. gram negative,, rod. Flavorbac-
terium - proteus . This’’ organism ..is almost. universally
present in- brewery beer fermentatlons, and when it is
present in sufficiently. high numbers, it. produces a forergn
ador, in. beer. wh1ch resembles that of cooked parsnips
(1) Sh1mwe11 X L 1948, Wallersteln Lab. Comm 11
135.., This is, of course extremely undesirable.:

Th common: method used..in  trying to control th1s
type of. mfectlon is to treat the infected yeast, the. prtch-
ing yeast with a- rather weak aqueous solution of an acid
such as phosphoric. or tartaric acid. ‘This is done when
the bacterral contamination_reaches a. level that, is,_con-
sidered "dangerous . and. this: acid ‘wash. does eﬁectlvely
reduce the level of bacterial contamination but the in-
fection is not completely eliminated. - This treatment
reduces the number of viable infecting.bacteria but-this

reduction - is ; usually only of the order of 90 pércent.,

The remamrng 10 percent ‘of the bacterial .infection. be-
glns to multiply again.as soon as the treated yeast is. used
in a subsequent fermentatron Furthermore, this. -acid
and washmg treatment is:very hazardous -since ithe drf—
ference between the optimum pH level for bactericidal

actlon and the pH ‘level at which the yeast itself becomes :

aﬁected by the bactena present is-only. 03 of a pH
umt w

Thus, this acld washmg treatm nt of_ the yeast prowdes‘
at best, anyeast mfected Wwith, ~of ‘viable bac-
) i y vrronment favor-

-to negative the puri-
where the so-treated,
; e in. fermentatron,;
-lifider” conditions t6 change the” pH ‘and to favor the
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the fermentation medium, either with the pitching yeast
or in the medium itself. Polymyxin may be admixed
with one or more of such antibiotics as bacitracin or ter=
ramycin and - provide the new result of that application,
the -improvement obtained being greater than that ob-
served when these latter antibiotics are employed alone,
- Our -co-pending application Serial No. 369,959, men-
tions the control of microbiological growth in beer, par-
ticularly -in finished beer in a bottle, can or other con-
tainer by means of the antibiotics, polymyxin and/or
thiolutin, -alone or in association -with such - antibiotics
as penicillin; streptomycin and the like. = .

The co-pending . application Serial No.-369,959 is also
directed to the general applicability in malt fermenta-
tions of certain combinations of two or more of the anti-
biotics; -such as thiolutin, polymyxin, and terramycin. -
Wallerstein. Laboratories - Communications, . ‘March

1953, at page 95, mentions attempts by Russian workers

to :control ‘microbiological growth in - alcohol fermenta-

. tion by the use of penicillin (Chem Abstracts 46,
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13:6320 (1952))

Lund in a discussion of a paper by Baetsle during the
proceedings of the International Congress of Microbi-
ology at Copenhagen, Denmark, in 1947, called attention
to the usefulness of pemcrlhn agamst beer spoilage lactlc
acid: bacteria.

However, penicilin, per se, has not been found to be
effective for the control of the micro-organismis associ-
ated with beer spoilage. . .

The. present application is specifically. directed to the
combination of polymyxin and penicillin as disclosed in
our co-pending application Serial No. 369,959 specrﬁcal—
ly and: as additionally disclosed herein.

- An object of the present invention is to provrde a

. method for stimulating the' fermentation  of beer or ale
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by .adding the antibiotics penicillin and polymyxin, each

‘in-an amount; of at least 0.05 gamma per ml. of the fer-

mentation medium either prior to or after the yeast has
been added or added with the ‘yeast to give such concen-

. tration in the fermentation rnedium, whereby the :gram
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negative rods, gram positive cocci and gram positive rods
associated -as impurities: with- the materials used during
fermentatron are completely eliminated:and the fermen-
tation is.accelerated- without any substantral mcrease m
the growth of the yeast cells, |

‘A further object of the present invention is to provrde
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a method for stimulating the industrial alcohol fermenta-~

tion- by ‘adding -the antibiotics penicillin- and polymyxin,
each in an amount of at least 0.05 gamma per ml. of the
fermentation medium either prior to or after the yeast
has been added or added with the yeast to give such con-
centration in the fermentation medium, whereby the gram
negative rods, gram positive cocci and gram positive
rods associated as impurities with the materials used dur-
ing fermentation are completely eliminated and the fer-
mentation is accelerated without any substantial increase
in the growth of the yeast cells.

Different conditions are recognized as necessary in the
fermenting of malt beverages, such as beer, ale, porter
and stout than in the fermentation of industrial alcohol
as ‘carried out by the distilling industries.

The fermentation of beer in an industrial installation,

because of the size of the equipment and the volumes of
materials: used, is extremely vulnerable -to bacterial in-
fection.. This fermentation in the brewery or distillery
is usually carried on at a relatively low temperature, e.g.
temperatures -of from 50 to 59° F. in order to avoid ex-
cess yeast activities of other types and particularly un-
desirable yeast and bacterial growth. In certain types of
beer fermentation, temperatures up to 70° F. are used.
- Because of the low temperature at which the beer fer-
mentation is usually carried out, the low pH value of the
fermenting beer, the anaerobic conditions ' in the fer-
menter -and the antiseptic value of the hop extracts in
solution only a few species of bacteria are able to grow
in and survive during the fermentation process, and ‘the
bacterial contaminant commonly encountered is the gram
negative rod, Flavobacterium proteus, or its closely re-
lated gram negative species.

‘The yeast commonly employed in beer is S. carls-
bergensis, whereas the brewery yeast used in the brewing
of ale is a strain of S. cerevisiae, The former is a bot-
tom yeast whereas the latter is a top fermenting yeast.
Such other yeasts as Saaz yeast or S. monacensis may be
used as typical bottom yeasts with equally good results.

In the fermentation. of molasses, sugar can syrup or
mashes - (sweet- or sour) for the manufacture of rye,
bourbon, wheat, malt, rye malt, or. corn whiskey, strains
of Saccharomyces cerevisiae or of other yeasts, such as
species of Schizosaccharomyces may be used to pltch
(inoculate) the mash.

The progress of the fermentation in the- manufacture
of beer or-ale may be readily followed by observmg the
reduction: in the pH of the beer, the reduction in-the
gravity of the beer in degrees Plato and by determining
the bacterial count of: the fermentation medium under
the carefully controlled conditions of fermentation which
aré scrupulously followed for the normal fermentation
operation.: At.the same time, the concentration of yeast
cells.in the fermenting medium may be observed at the
start, during the fermentation, and at the finish of the
fermentation. In accordance with the observations typi-
fied by the iltustrative examples which are set forth be-
low, certain -generalized :conclusions have been found
concerning the effect of the antibiotics penicillin and
polymyxin separately and the synergistic effect of the
antibiotics when used:in combination.

The temperature -of fermentation is an important fac-
tor ‘as mentioned above. The fermentation of beer is
preferred at a relatively low temperature of from 50-59°
F., the temperature rising from the former to the latter
figure during. a fermentation period of from 4 to 5 days.
In.the bottom fermentation method, the conditions in the
fermentation- medium' are anaerobic and the hop extract
contains - an’ antiseptic principle which  eliminates sub-
stantially all. of the bacteria except Flavobacterium
proteus.

Ale is fermented at:a somewhat hxgher temperature of
from 58-74° F, and the temperature is permitted to rise
afew degrees each day in substantially the same manner
as in beer fermentation, Although the fermentation of
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bottom fermenting yeasts is usually carried out at from
6-12° C. for a period of from 8 to 10 days and of a top
fermenting yeast at from 14-23° C. for about 5 to 7 days,
the more limited temperature ranges indicated in degrees

. Fahrenheit above are preferred and the time of fermenta-

tion is shortened in view of the high purity of the strains
of starting yeast employed..

Towards the finish of the fermentation of the yeast in
beer or ale manufacture, a definite change takes place in
the wort and the yeast flocculates and commences to
settle. In beer, the yeast settles to .the bottom and in
al the change known as the “break” occurs when the scum
at the top of the medium thickens.” In a beer fermenta-
tioni whether or not the antibiotic is present, the “break”
usually occurs between the 3rd and 4th days. In an ale
fermentation whether or not the antibiotic is present, the
“break” occurs between the 2nd and 3rd days. In the
fermentation of a sweet or sour mash or syrup, less time
is commonly used with the sweet method than with the
sour method, a similar “break” is observed around the
2nd day. A higher yield of alcohol is obtained from the
sour method.  Fermentation temperatures of from 70°
F. to 96° F. are usual in these whiskey fermentations.

The course of these whiskey fermentations is substan-
tially complete in about 2 days when the fermentation
temperature at the upper part of the range close to 96°
F., is employed. In practlce, however, longer times of
fermentation are preferred in the middle or lower part of
the temperature range. Bacterial contamination inevit-
ably occurs at the higher temperatures, which is very diffi-
cult to control, despite the usual employment of disin-
fecting materials and the careful observation of high
standards of cleanliness in the selection of materials and
in carrying out the fermentation.” Adjustment of the
acidity of the mash to an acid pH assists in controlling
the bacterial contamination and for this réason the sour
method is preferred.

Bacterial contamination occurs in both the sweet mash
and sour mash fermentation to impart undesirable flavors
and odors and to introduce undesirable ' fermentation
by-products into the fermented mash, which impurities,
undesirable flavors and odors carry over into: the distilled
product. The still residues are frequently so contami-
nated as to have substantially: no value as cattle feed.
The efficiency of the fermentation isreduced by the
formation- of substantial’ quantities of suspended- bac-
teria which tend to occlude unfermented- carbohydrate
and which thereafter convert the occluded material into
undesirable by-products.- Filtration procedures ‘are com-
plicated by the presence of large:quantities of the sus-
pended bacteria. This reésults in later sedimentation
in the distillate and in nonuniformity of the distilled mate-
tial despite careful attention to' control of conditions of
fermentation. Expert supervision is frequently neces-
sary since the bacterial contamination ‘sometimes: floats
to the surface, sometimes ‘settles and not infrequently
remains suspended so that its settling must be accom-
plished.

The above difficulties are completely obviated by add-
ing the antibiotics, penicillin and polymyxin, each in an
amount of 0.05 gamma per ml. of the mash throughout
the effective ‘fermentation temperature range. The activ-
ity of the yeast is enhanced. The recovered yeast which
settles after the fermentation is complete, is free from
bacterial infection and may' be employed in the next
batch in contrast to the frequent requirement that ‘it
be discarded where no addition of the-antibiotics is made.

The same benefit is obtained if the ‘antibiotics are em-
ployed with the pltchmg yeast or are added to the mash
before the yeast is added; .

In the fermentation of beer usmg a bottom fermentmg
yeast, the wort is adjusted to’a ‘starting pH of 5.1 and
a starting wort gravity ‘of 11.7° Plato to 12.3° Plato is
preferred Degrees Plato is equ1Va1ent to ' percentage.
sucrose in ‘water soluuon ‘and ‘is also for all practlcal

i
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purposes equivalent to the percentage of éxtract in wort
or beer..- The relationship ‘of ‘degrees Plato to. specific
gravity. is published in table form by the Amencan Soci-
ety of Brewing Chemiists,

The wort (beer or ale. fermentatlon) after boﬂmg and
before ‘pitching is cooled rapidly from about190° F, to
about 49°.F... This results in the precipitation of a large
amount of ‘protein: material commonly referred to as
trub. = In order to avoid the presence of the precipitated
trub,. which imparts- a: bitter flavor to the beer, in the
fermenters ‘during -the fermentation, the cooled wort is
allowed to :stand-in:a settling tank for about 12 hours
before it is pumped into the fermenter. During this 12
hour period most of the trub settle to: within about 10
inches of the bottom'of the tank.

It is, however, dangerous to, let this cooled wort stand
exposed for such:a long period of time as it is .an excel-
lent growth médium for bacteria, and bacterial contami-

nation is -apt to .occur. For that reason; yeast is added to-

the cooled wort - as it is - being:pumped to- the settling
tank so. that the fermentation is started almost immedi-
ately and.this fermentation .is relied - upon in-practice to
retard the bacetrial growth. The organisms that cause
spoilage of ‘wort are commonly referred to as “termo”
bacteria. They are short gram negative rods usually .of
the : family Enterobactereaceae. - Reference to-these or-
ganisms ‘can be found in Wallerstein Laboratones Com-
munications, IT, 135 (1948).

The yeast does, however, tend to settle out with the
trub and the beer can therefore not be pumped over into
the fermenter until ‘the fermentation has become suffi-
ciently vigorous to re-suspend-the yeast. - This evolution
of COy which,re-suspends the yeast . results, however,
also in-the re-suspension of some of the trub which then
is carried over into the fermenter and unparts bitterness
to the brew.

‘By the: addition of the antxbrotlc polymyxm to. the
cooled wort in concentrations of at.least 0.05 gamma
per - ml. . the bacterial - contamination is controlled and
the ‘wort may. be allowed: to. stand in the seftling tank
without : the addition of yeast, - As there is.no. active
fermentation going on (no CO, bemg evolved) the settled
trub is not disturbed. Less of it is pumped into the
fermenter and it settles in a better physical condition.

~-'The data in the following table show the effect of poly-
myxin on .wort ‘held at 48°. F., .the regular: wort settling
temperature; _The . data show that the growth of this
naturally. occurring infection is completely 1nh1b1ted by
005 gamma/ml of polymyxm.
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TABLE I
- Ca e 48 hours
Polymyzin Gamma/m], I i
N L Odor | Plate Count
- (termo)
0 .| termo 22, 500, 000
0.01 termo. ... 31, 000, 000
0.02 termo 5, 300, 000
0.05 normal 11,500
0.10 normal___.... 12,800

1 Primarily yeast colomes

Penicillin, itself; is ineffective in the concentratlon as-

is used with polymyxin for the inhibition. of the .growth
of ‘these termo bacteria.” However, the combination of
0.10 -gamma/ml.: of penicillin- with 0.05-gamma/ml.- of
polymyxin provides for complete inhibition of the growth
of the termo bacteria:and ‘permits the latter pitching to
be carried: out without the necessity: of- further additions

of these antibiotic agents to. obtain the: improvement in

the enhancement of fermentation and the reduction of
pH as shown. in the. examples below.

70

“In the ma.nufacture of ale, the wort is prtched w1th :
about 1 pound of yeast to’ about 50 ‘gallons and'the con- .

¢enfration in the fermentatmn is " about 6.0-6.2X108

%

6

yeast cells per ml. In a controlled fermentation in which
no antibiotic is added, the yeast count increases to about
18-20X 108 cells per ml. 24 hours after pitching, about
26-43 X108 cells per ml.-48 hours after pitching, about
39-46 10 cells per ml: 72 hours after pitching and
about 15-24X 108 cells per ml. 96 hours after pitching,
the “break” occurring between 72 hours and 96 hours.
. The higher values of yeast growth -are observed at
higher carbohydrate concentrations of the starting wort
(higher gravities in degrees Plato).  The addition of 0.05
gamma of polymyxin per ml. to the fermentation medium
in the -manner as indicated- above does not materially
change the yeast count durmg the course of the fermenta-
tion and the “break” is observed similarly between the
3rd and 4th days. ' Increasing the amount of polyrnyxm
to 1.6 gamma per ml. provides substantially no improve-
ment over 0:05 gamma per ml. on the yeast growth and
actrwty
"~ Remarkably, the addition of at least 0.05 gamma of
polymyxin to the fermenting ‘beer improves the subse-
quent filtration, permits the recovery of the yeast cells
in uncontaminated form and there is no detectable trace
of polymyxin which can be found in the filtered beer or
recovered yeast usmg the standard test methods avail-
able. Polymyxin in combination with penicillin also ex-
hibits the property that these antibiotics are lost ‘after
filtration so that they cannot be detected by standard
test methods in the filtered beer or in the recovered yeast.
Thus there is prevented introducing 4 dangerous reagent
to convert a potable beverage or edible yeast into a drug:
The normal infection encountered in malt fermentation
is of the order of several hundred thousands to a‘few
million per ml. of gram negative rods above identified,
and similar numbers of gram positive rods and ¢occi above
identified, either from the materials used or from ‘sec-
ondary infection during fermentation. An effective dosage
of polymyxm to substantrally completely eliminate gram
negative infection is about 0.05 gamma/ml.  Doubling or

» further increasing the dosage provides no additional bene-

fit' and ‘introduces - the disadvantage -that- small amounts

of polymyxin may’ be carried over into the beer or yeast

after fermentation, Penicillin has no such utility with
fespect to the gram negatlve rods which ‘are the principal
source “of difficulty “in ‘malt fermentations.” Although
penicillin - affects lactic acid bacteria, penicillin is mact1-
vated under the acid conditions of fermentation. *'The
untroductlon of large amounts of pemc1lhn appears to
have no advantage. It is not unlikely that the 1nact1vat10n
may ‘be associated with the occurrence of pemcﬂhnase :
Accordingly, penicillin has been abandoned since it intro-
duces an impurity into a fermentation process wherem
reqmrements for purity must be strictly observed.

The action of polymyxin in the preferred dosage
reaches its height of effectiveness about 24 to 48 hours
after pitching with respect to the fermentation process
carried out. Contrasted to this, several hundred- mére
gammia of penicillin per ml. added under the same condi-
tions become deactivatéd, have no effect upon Flavo-
bacterium proteus. and produce no benefit with respect to
improving the fermentation. Instead, the use of peni-
cillin alone results in the observation of serious con-
tamination after the second or third day of the fermen-
tation process which is the critical period of fermentation
with regard tothe optimum conditions for maximum con-
version of  the carbohydrate to alcohol. - This critical
period is likewise the period which is most susceptlble to
bacterial contamination.

It is surprising that the combmatlon of pemcrllm and

- polymyxm each in'an amount of 0.05 gamma per ‘ml.

should produce an 1mproved result. with. respect to the
control ‘of rmcrobxal .growth_and to the enhantement of

’fermentatmn i view ‘of the 1neffect1veness of pencillin

itself and in view of the lesser effectiveness. of the same
amount of polymyxin perse. Polymymn in an ‘amount
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of 0.10 gamma per ml. produces substantially the same
enhancement of fermentation as does polymyxm in a
dosage of 0.05 gamma per ml. The reduction in pH 48
hours after pitching is about 0.2 to 0.3 unit greater than
the control. After 72 hours the reduction in pH is about
0.2 to 0.3 unit greater than the control. The drop in
gravity in degrees Plato is about 1 unit less at the end
of the 2nd day and about 1 unit less at the end of the
3rd day than the control. The end gravity is reached
1 day ahead of the control, using polymyxin in either of
these small doses.

In contrast to this, the use of polymyxin (0. 05 gamma
per ml.) and penicillin (0.10 gamma per ml.) results in
a decrease of gravity (degrees Plato) of 1 unit less than
the control at the end of the 2nd day and 2 units less
at the end of the 3rd day Thus, the same dosage of
polymyxin is less effective in the reduction of gravity at
the end of the 3rd day than is the prescribed dosage of
polymyxin and penicillin. Bacterial contamination is sub-
stantially eliminated at the end of 24 hours so that the
combined - anibiotics are just as effective as polymyxin
alone in the same dosage and yeast growth is not adversely
affected in any way.

Penicillin itself, when added to the wort in beer or
ale after boiling and before pitching does not provide
any advantage with respect to the finished beer or ale.
The remarkable improvement obtained with the use of
polymyxin alone and polymyxin with penicillin, each in
a dosage of 0.05 gamma/ml has already been described.
A real benefit is obtained in eliminating bitterness from
the beer which is due to trub being carried over from
the precipitation step. It has been suggested to use a
sterile container for the precipitation step which is fitted
with ultra-violet lamps or equivalent gexmxcxdal devices.
This practice is completely obviated in accordance with
the present invention and the advantages of the inven-
tion in this respect are manifest.

As stated above, the higher temperature fermentation
used in the fermentation of ale has the disadvantage of
increased bacterial contamination. In practice, the bac-
teria are.floated off the top of the fermenting ale and
large quantities of ale are lost.
amounts of penicillin and polymyxin substantially elimi-
nates this loss of ale and at the same time provrdes for
greater uniformity and higher quality of flavor in the
finished ale.

" 'The elimination of the bacterial infection provides for
the corresponding elimination of unfavorable flavors and
odors which are associated with such infection in the
brewery. . The enhancement in fermentation which.is ob-
served for the combination of antibiotics in the fermenta-
tion of beer is likewise observed in the use of the com-
bination for the fermentation of ale. The control -of
bacterial infection is more important at the higher tem-
peratures used in ale fermentation which. provide a favor-
able environment for the spread of the infection, - An
improvement in the reduction of pH as compared with
the control and with polymyxin alone and also in the
reduction of gravity is found when the combination of
antibjotics are used as compared with the control or with
polymyxin per se. Penicillin per se is even more un-
satisfactory under. ale fermenting conditions than under
beer fermenting conditions. »
~ In industrial alcohol fermentation the combination
of antjbiotics is of particular value since the use of small
controlled amounts completely controls undesirable mi-
crobiological growth and renders unnecessary the use
of such disinfectants as ammonium bifluoride. At the
same time the hazard of secondary infection in the pre-
ferred 7 day fermentation is substantially eliminated and
better control is had by producing a more uniform dis-
tilled ‘product for the subsequent aging process.

The invention may be more readﬂy understood in view
of the followmg illustrative’ examples

The addition of small-
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EXAMPLE 1.—THE CONTROL (BEER FERMENTATION).

" Three liters of fermenting beer from a plant fermenter
which had been pitched during the preceding three hours
with a yeast (Saccharomyces carlsbergensis) infected
with approximately 200,000 cells of Flavobacterium pro-
teus type bacterial -rods. per milliliter, were employed.
The original gravity of this beer was 11.7 degrees Plato,
the original pH was 5.1 and the original yeast count was
six million cells per milliliter. The fermenter is sus-
pended in a temperature controlled water bath and the
temperature is adjusted each day to conform as nearly
as possible to plant fermentation temperatures ranging
from about 50° F. to 59° F. The fermentation of the
beer, i.e. the filtered infusion of the starches, sugars, and
hops after the heating of malted barley, is started at
50° F. and the temperature is permitted to. rise but 2°
per day, until on the fourth day a temperature of about
59° F. is attained, the heat of fermentation accounting
for the-temperatiire rise, and cooling being effected when
necessary. The day after the fermenter is filled, and
on each succeeding day for four days, aliquots for analy-
sis are withdrawn from a standard depth of the fermenters
with a pipette.

The results of these analyses on the second, third, fourth
and fifth days after the fermentation is started were re-
spectively:  yeast count><10—a per milliliter equals 18.8,
26.0, 39.2 and 15.2; pH 4.69, 4.45, 421 and 4.10; de-
grees Plato 10.39, 8.00, 5.74 and 3.30.

EXAMPLE 2

In Example 2, the procedure and conditions are the
same as in Example 1 with the exception that a water
solution of polymyxin is added to give a final concentra-
tion of polymyxin in the fermenting beer of 0.05 gamma
per milliliter. .

The results of the analysis on the second, third, fourth
and fifth days after the fermentation had been started were
respectively: yeast countX 10~8 per milliliter equals 17.5,
30.5, 41.0 and 12.2; pH 4.67, 4.23, 4.05 and 4.00; de-
grees Plato 10.3, 7.5, 4.95 and 3.05. Bacterial infection
falls to substantially zero on the second day . (starting
mfectmn 203,000 per ml.).

EXAMPLE 3

’ In‘ Example '3, the procedure and conditions are the
same_as in Example ‘1 with the exceptlon that a water
solution of polymyxm was' added to-give a final concen-
tration of polymyxin in the fermentmg beer of 0.10 gamma
per milliliter.

The results of the analysxs on-the second, thlrd fourth
and fifth days after the fermentation had been started
were respectively: yeast count X 10—% per milliliter equals
18.0, 30.5, 42.0 and 12.2; pH 4.67, 4.22, 4.04 and 3.99;
degrees Plato 10.3, 7.5, 4.95 and 3.05. Bacterial infec-
tion falls to substantially zero on the second day (start-
ing infection 263,000 per ml.).

EXAMPLE 4-

In Example 4 the procedure and condmons are . the
same as in Example 1, with the exception that.a water
solution of polymyxin was added to give a final concen-
tration of polymyxin in the fermentmg beer of 0.15
garnma per milliliter.

- The results-of the analysis on the second third, fourth
and - fifth days:after the. fermentation had been started
were Tespectively: yeast countX 10—¢ per milliliter equals
20.2, 30.5, 44.9 and 12.2; pH 4.62, 4.22, 4.04 and 3.98;
degrees-Plato 10.40, 7.65, 4.92.and 3.06. Bacterial in-
fection - falls to’ substdntially zero on. the second day
(startmg mfectzon 203 000 per ml.). ‘ .

EXAMPLE 5

In Example 5, the procedure and conditions are the
same as in Example 1 with the exceptron that a water solu-
tion of polymy;un is added 10 give a final concentratxon of



polymyxin in the fermentmg beer of 13.0 ga.mma per

milliliter.

The results of the analysis on the second, third, fourth
and fifth days after the fermentation had been started
were respectively: yeast count X 10-6 per milliliter equals
19.5, 29.7, 39.3 and 16.2; pH 4.65, 4.14, 4.02 and 3.98;
degrees Plato 10.22, 7.28, 4.74 and 3.00. Bacterial mfec-
tion' falls to substantlally zero on the second day (start—
ing infection 203, 000 per ml.). : .

EXAMPLE 6

In Example 6 the procedure and conditions are the
same as in Example 1 except that a water solution of

penicillin is added to give a final concentration of peni-,

cillin in'the fermenting beer as follows: 0.5 gamma per
ml., 10 gamma per ml., 15 gamma per ml. and 120 gamma
per ml

From: the results of the analysis on the 2nd, 3rd 4th
and 5th days after the fermentation was started, the yeast
count X 10=% per:milliliter was substantially the same as
the yeast count:observed in ‘the control of Example 1.

~The pH :values likewise: are 'substantially the same as in
Example: 1 and no appreclable difference is observed in
the gravity values: in_degrees: Plato.. :The bacterial in-
fection.at the start is about 203,000 per ml.
trol,: the bacterial count (substantially éntirely giam nega-
tive Flayobacterium proteus) dropped to-about 194,000
per ml. on the 3rd day and the value at the end of the 5th
day varied from about 100,000 to: about-200;000. per ml.
The addition -of - penicillin -even’ in amounts ‘up to. 120
gamma.per ml. in the present example made no: change
in- the ‘bacterial .count.
not. be detected .in- the finished fermentation or-in the
yeast -cells. separated therefrom when' additions of 0.05
gamma, 0.10 gamma and 0.15 gamma per ml. were added.
Accordingly. the deactivation of the penicillin is.shown in
these dosages and no mprovement for the control of the
gram negative rods. is “provided. by the use. of th1s anti-
blOtlc alone ‘
- BXAMPLE 7’

In,Example 7. the' procedure and conditions are the
same as' in E ample 6 with the exception ‘that the ‘addi-
tlons of 0. 05 atiina, 0 10 gamma, 0.15.gamma and 120

mi > made to an ale fermentanon which is carried

t0 g0 'at, the ‘end of 60 hotirs 10°a temperature of 74° F,
employmg the yeast Saccharomyces cerevisiae. ' '

In the con- -

- The presence of -penicillin: could
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10
The control fermentation under the above temperature
conditions ‘employs ‘about 350 pounds of this ale pitching
veast to-about 600 barrels of wort (each barrel of wort
‘contains 31 gallons). ~The starting pH of the wort is

" about 4.95. - The pH drops after about 6 hours to about

4.92, after about 12 hours to about 4.86, after about 24
hours to about 4.66, after about 36 hours to about 4.18
and after 60 hours to about 3.94. The gravity in degrees
Plato.in the control at the start.is about 12.30. . No. drop.
is observed after 6 hours, After 12 hours the gravity in
the control is about 12.17, after 24 hours about 11.31,
after 36 hours about 9. 40, after 48 hours about 5.10 and

~after 60 hours about 3:52.

The addition of penicillin in amotints of 0.05 gamma
per ml., 0.10 gamma per ml. and 0.15 gamma per ml
provrdes for no 51gn1ﬁcant change in the pH values and
gravity values. As in-Example 6, these additions could
not.be detected by. tests after fermentation is complete,
either in the recovered yeast or in the finished ale.

"The bacéterial infection at the start of the fermentatlon
in the control is about 400  per ‘ml. of gram negative rods.
After 12 hours the count is about 80,000, after 24 hours
about 280,000, after’ 48 hours about 220,000 ‘and ‘after
60 hours about 100,000. “The reduction in the count
between 24 hours and 60 hours is due to ‘the ﬂoatmg away
of the bacteria which float to the surface. - The settled
yeast ‘contains about 111,000 bacteria per ml.

With the addition of the indicated amounts of peni-
cillin, the bacterial count did mot significantly vary at
the 1nterva1s of ‘observation, 12 hours, 24 hours, 48 hours
and 60 hours, Tt is not unlikely that a small amount of
the ‘penicillin might have been floated away when the
very large dosage of 120 gamma per ml. was used.

The employment of the antibiotic penicillin is seen to
have substantially no effect upon the fermentation of ale
employmg the usual plant technique.

'EXAMPLE 8

The effect of the antibiotic polymyxm on an ale fer-
mentation is determined by mixing 3.7 grams of polymyxin
with' 350 . pounds of ale pitching yeast.  This quantity of
yeast Is then pltched into 600 barrels (éach barrel of
wort contains' 31 gallons) of wort and.allowed to ferment
A” control fermentatron contammg no polymyxm is run
sunultaneously Analysrs of "the two fermentmg ‘ales
were TUn at mtervals and’ the results are presented in table
form as follows ’

“pH of Férmenting Beer ’etter—‘
o S B End of 60
Ohr. | 6hr. | 12hr. | 24hr. {36 hr.; | hr. of Fer-
AR . mentation
polymyxin fermenter.._..--..; ..... ‘5.08 -5.01 4.96 4,74 4,30 v 3.94
controlfprmmtar “ e . 4,93 4.92 4,86 4,66 4,18 3.94
i Reduction in pH after—
End of 60
6hr. | 12hr, | 24hr. | 36hr, | br. of Fer-
mentation
polymyxin fermenter ....................... 0.02 0.07 0.27 0.73 1.07
control fermieriter. SRR B i 51) 8 0.07 0,27 0.75 0,99
'Grevity (Degrees Plato) after—
; . S | Endot
O0hr:- |- 6hrs (-12hr, | 24 hr, 136 hr.|48 hir.|60 hr.| Fermen-
ED S tation
& s o polymydn fermenter. | 12.40 | 12.30 | 1230 | 178|090 | 592 | 3m 2.30
I A Bt - - control fermenter-....... -12.30 |--12.30 - 12,17 | 11.31| 9.40 { 5.10 | 3.52 2.20
i ;
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EFFECT OF POLYMYXIN ON pH OF FERMENTING ALE~~Continued : :
Reduction in Gravity (Degrees Plato) after—
6hr. | 12br. | 24¢hr, | 36hr. | 48br. | 60hr. | Total

. _| Decrease

polymyxin fermenter........ 0.01 0.10 0.62 2.50 8.48 8.29 10.10

control fermenter....______. 0.00 0.13 0.99 2.90 7.20 8.78 10.10

Bacteria] Count per ml. after—
. ’ Bacterlal .
0hr. 12 br, 24 br. 48 hr, 60 hr. | Count per .
ml. of

Yyeast crop

polymyxin fermenter.... 250 2,000 3, 000 3, 500 520 1,200

control fermenter ....... 375 | © 80,000 280 000 { 220,000 { 100,000 111, 000
The above data show that polymyxin. in this set of ¢ milliliter of yeast crop. The pH is reduced from a start~

fermentations accelerates only slightly the fermentation
as measured by reduction in pH and. gravity of the
fermentmg ales. The reason may be that the ale fermenta-
tion is a very rapid fermentation as compared to beer
fermentation with S. carlsbergensis. Also it is carried on
at a much higher temperature. The starting temperature
of the ale fermentation is 58° F. and it is permitted to
go as high as 74° F. This compares with a starting
temperature of 48° F. for beer fermentation with a
maximum of 58° F. during the fermentation.

The polymyxin, however, effectively reduces the bac-
terial population of the fermentmg ale and the result-
ing yeast crop.

The polymyxin has no adverse effect on yeast growth
‘during the fermentation..

-EXAMPLE 9

An industrial alcohol fermentation is carried out utiliz-
ing the: yeast Saccharomyces cerevisiae or the yeast
Schizosaccharomyces. Blackstrap from the sugar milling
industry containing from about 40 to 55% of fermentable
sugar or the conventional rye or .bourbon mash is used
in preparing the fermentation beer by .adjusting the
fermentable sugar content to about 12 or 14%, adding the
usual amounts of ammopium sulfate, soluble phosphates,
and the like as a source of food for the yeast, and ad-
justing the pH from about 3.5 to about 4.7. The com-
position of the rye mash or bourbon’ mash s as set
forth at page 231 of Prescott and Dunn, “Industrial Micro-

biology,” McGraw-Hill, 1949, The fermentation with
the above yeasts is carried out at a temperature of about .

70° F. to about 90° F. for 6 days. The temperature rises
during the fermentation as is conventionally found, and
the bacterial count per milliliter of yeast crop, starting
with about 400 pounds -of the yeast. .to about 16,000
gallons of the beer has a value of about 400,000 after
24 hours in a controlled fermentation under the same
conditions whereas the addition of about 4.5 grams of
polymyxin to 400 pounds of the yeast Saccharomyces
cerevisiae reduces the bacterial count to about 3,800 per-
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ing:pH of about 4.7 to-a pH of about 4.0 after 24 hours,
and -a final pH of about 3.8 is attained after 36 hours
in both the control fermentation and the polymyxin
fermentation but the gravity reduction is slightly greater
with the polymyxin fermentation than in the - control
fermentation, particulan'ly after 24 hours to indicate a
perceptible synergistic effect of the - polymyxm in the
stimulation of the yeast growth.

The delayed action of the polymyxin in reducmg the
bacterial count is similar to that encountered in the
fermentation of beer and of ale.” The disappearance of
bacteria-which are occluded by or absorbed on the yeast
after the induction period which lasts from 2 to 3 days
provides a remarkably efficient control at the end .of the
fermentation where the control is really needed in order
to eliminate undesirable micro-organisms.

EXAMPLE 10

An industrial alcohol fermentation substituting penicil-
lin in place of polymyxin, the dosages of pencillin being
0.05 gamma per ml.,, 0.10 gamma per ml., 0.15 gamma
per ml., and 120 gamma per ml, is carried out as in
Example 9. No substantial effect.is had with penicillin
in these dosages with respect to.either the bacterial count
(gram negatlve rods), the reduction in pH and the re-
duction in gravity as compared with.the control as set
forth in Example 9. Pemoﬂhn provxdes ng. advantage
when used alone. -

EXAMPLE 11

A. beer fermentation under the conditions as in Ex-
ample .1.is carried out except that penicillin and poly-
myxin are added (0.05 gamma per ml. of polymyxin and
0.10 gamma per ml. penicillin) to give 0.15 gamma per
ml. of fermenting beer. The mixture is added to the
pitching yeast just prior to pitching. The results of
the analysis of this fermenter and a control fermenter
are presented in Table II. This combination effectively
eliminates the bacteria, stimulates the fermentation as
measured by pH reduction and reduction in gravity of the
fermenting beer and does not affect yeast growth.

TABLE II

Comparison of beer fermentation with polymyxin (.05
gamma per ml.) and penicillin (0.10 gamma per ml.)
and control in Example 11

. i ) pH Degrees Plato Count (Bacterlal)

Hours after pitching Yeast Count
Mixture | Control

: Mixture | Control | Mixture | Control | Mixture | Control

6.2 6.4 5.10 5,10 12.3 12.3 | 132,000 1435, 000

24.7 19.5 4,61 4,74 115 1.6 1,200 460,000

42.2 43.4 4.31 4,50 9.5 10.4 0 790, 000

40.1 46,2 4.02 4.20 5.3 7.0 0 510, 000

24.9 23.6 4,00 4,15 3.7 3.9 0 140, 000

2.8 4.1 4.01 4,18 3.1 3.1 0 130, 000
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13 o 14 _
~Although  the ‘quantities of - the ‘two antlblotlcs added: “The' necessity for flowing: the ﬂOa'ting"bacteria off ‘the”
were 0,10 gammia: of ‘pénicillin and: 0.05 gamma of poly- top of the ale during fermentation is' obviated, and fur-

myxin ‘per ‘ml;, -an- assay of ithe'"end-fermented : beer. ther, adding the mixture ‘of pemcrllm and polymyxin to
showed that it contained less than 0.05 gamma per ml. the wort after coolmg prov1des for ‘the 1mproved separa-‘
of: pemcﬂlm (the: lower -limit of the* assay). " 'No poly- 5 txon of the trub

myxin: could-be found eithier: but ‘the-quantity ‘added is
below the concentra’uon that! can be: assayed for

EXAMPLE 12

Thxs example is carried out in exactly the same man—
ner as Example 8 except that 3.7 grams: of polymyxin is
replaced by . 2.4 grams: of penicillin admixed with 12_:1 ; .
grams of polymyxm A control fermentation containing i - The. fermentatxon of the Ive or burbon mash is camed
no polymyxin is Tun srmultaneously Analy51s of the out at.a temperature of about 70°" F to_about 90"
two fermentmg ales were run at intervals.and the results 15 the. temperature bemg permltted to rise. .. The time is 6'
are presented in. table form as follows. L . days The. bactenal count rises from about 500 per ml., .

EXA.MPLE 13

Thls example is- earrred out in: exactly the same. manner

as .Example 9 except : .that 4.5 . grams of polymyxin to
o 400 _pounds of yeast is replaced by 3.0 grams of penicil-
lin-and 1. 5, grams of polymyxm for the same _amount
of. yeast

"‘ EFFEGT OF PENICILLIN AND POIilYMYXIN ON pH

¥ FERMENTING A
g " HL of Fermenting Beer ofter— "
o . S : End of 60
-1 0hbr.. | 6hr. | 12'hr,.| 24 hr. |36 hr. | br. of Fer::

PR S B e - mentation
polymyxin-Fpencillin:. 5.03 | dor | aor| a3l doe| sem -
control fermenter-... 493 4.90201° 4861 466 418 - -3.94

‘Redq‘qﬂon'ih!_pH after—, e
1ot oo | mnasie
6hr. | 12hr; | 24hr. | 36 hr. | Br. of Fer-
oo PN PR mentation. .
tymysin-+-pentellin. . —:miomcomeeeo| - 0.02.0 0,08 | -.0.30 | 0.74] - . 100
ggn%r%ﬁermenter . P . 0.0} - 0,07:|:70.27 | 075 U099
Gravity (Degrees Plato) atter—
- e BN ¢ | Endot
ohr. | 6hr.’ | 12hr; |24, {36 br./48 hr.[60 br.| Fermen- ..
] i SRR Y R B : | 'tatron '
polymyzin--peniciiin_ | 112/407 *12.38" Lioiow | tnr | e mea] Bro e Baggt e b sy e
Control fermenter....—-_ 12.30.}..12,30 | 12174 1131 ,9.@0, 5101882 f o220 o S
e R B s Reductionin vaity (Deg-rees Plam) aftet_' -
'“Ghr.iw 12hr 24hr 36hr 4311: 60!11- S Total:
A ; : .D,ecr.ease:
ymyxin-+pencillin. ;. c..} -0.02°} 011 | 0.68] 261 6.50 8.70“.ff 0.1 .
control fermenter. 0.001 01871 0.88°|" 2.9 7.20 8,784 .10.10
- Bacterial Count per ml, after—
: : - Biicterlal
0 hr, 12 hr. 24 br. 48hr, | €0 hr. | Count per
E S ml. of
yeast crop
polymyxin--penicillin. .. 410 1,800 £ 3,0004 - 3400 580°1 . 1,100
control fermenter. . ....- 410 90,000 | 285,000 230,000 101.000 : 111,000

The above data show a small but significant improve- 5 initial, to about 400,000 per ml. after 24 hours in the

ment in the effect of polymyxin and penicillin, as com~
pared with polymyxin in the same dosage and is applied
in the fermentation of ale. The improvement with respect
to the comtrol is at least as good as with polymixin alone.

In view of the ineffectiveness of penicillin alone, in vary- 70

ing. dosages, the effectiveness of ‘the combination of
penicillin and polymyxin is indeed surprising, even under
conditions of shorter time and higher temperatures as
employed in .ale fermentation, and under the acid con-

ditions which tend to inhibit’ bacteria in malt fermenta- 5

tions.

control as in Example 9. The addition of 3.0 grams of
penicillin and 1.5 grams of polymyxin to 400 pounds of
yeast (16,000 gallons .of mash) reduces the bacterial
count to about 2,500 per ml. after 24 hours.

--A slightly greater reduction in pH is obtained after
24 hours and after 36 hours than with the control carried
out in the absence of any antibiotic.. The pH reduction
is slightly better than with polymyxin used as in Ex-
ample 9.

The reduction in gravity after 24 hours and- after 36
hours is at least as good as the reduction in gravity



2,964,4086:

which is encountered with the wuse ‘of polymyxin in the
mash.

The bacterial count remains below 2,000 for the last
4 days of fermentation. .The elimination -of undesirable.
odors and flavors as is found- with polymyxin: is like-
wise found with the use of the mixture of polymyxin and
penicillin. The perceptible synergistic effect in the
stimulation of yeast growth is found with the-mixture but
a further improvement is ‘obtained in -providing for an
even lower bacterial contamination at the end of the fer-
‘mentation of the mash, so as to provide an even greater
improvement than obtained with the use of polymyxin.-

In each of the above examples, the antibiotics are

added as pure materials ‘in ‘the form .in which they-are-

commercially available. It is preferred ‘that ‘the anti-

biotics be ‘as  pure as it is possible to obtain them since-

the control of the fermentation process requires a mini-
mum disturbance of the fermenting activity of the yeast
as it reacts with the fermentable liquid medium. Fur-
ther, it is desired to avoid additional unit operations such

10-
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as filtering or clarification in the plant, since it has been .

found that these can be obviated by very careful-atten-
tion to purity of materials and cleanliness in operation.

Keeping these requirements in mind, the invention also : -

includes the use of the combination of penicillin and
polymyxin associated with a carrier which may be either
a sterile solid material or a sterile aqueous liquid.” Such

talc or the like may be used. The composition asso-_
ciated either with a liquid sterile material or with a solid
sterile carrier preferably contains not less than about 1.5
grams of polymyxin and about 3.0 grams of penicillin

for use in a fermentation requiring about 400 pounds of .
Based upon 100 pounds of yeast, the composi- -

yeast.
tion contains about 0.4 gram of polymyxin and-.about
0.75 gram of penicillin. The yeast requirement is well
known and understood in the fermentation of malt
beverages and whiskey mashes. Expressing the unit
dosage of the antibiotics, polymyxin and - penicillin, in
terms of these yeast requirements for these fermentations
affords a simple and easy means for controlling the ac-
tivity of the yeast in these fermentations, even though- thé

antibiotics may be added to the wort or mash: before -

pitching with yeast or after pitching, or to the yeast per se.
The filtration of the beer, ale or' mash permits—the

separation of a solid residue containing the yeast and .
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parting from. the spirit .and scope-of the invention or

sacrificing its material advantages, the forms hereinbefore -
described  being merely preferred embodlments thereof..

What we claim -is:
1. A method of stimulating the yeast fermentation of

beer and. inactivating Flavobacterium proteus and related.
gram npegative organisms in the fermentation medium.

in brewing operations comprising adding the antibiotics
polymyxin and penicillin to the beer fermentation me-
dinm each in an amount of at least 0.5 gamma per milli-

liter at the start of the fermentation, whereby unfavorable-
flavors - and odors ‘are suppressed and the rate of fer--

mentation is increased.
2. A method of stimulating the yeast fermentation of
ale and inactivating Flavobacterium proteus and related

gram negative organisms in the fermentation medium in-

brewing operations comprising adding the antibiotics
polymyxin and penicillin to the fermentation medium
each in an-amount of at least 0.05 gamma per milliliter
at the start of the fermentation whereby - unfavorable

flavors and :odors are suppressed and the rate of fer-

mentation is increased.
3. A yeast composition adapted for the fermentation
of . beer- in brewery' operations comprising essentially

brewers yeast in admixture with polymyxin and penicillin

each.in an amount between. 1 and 4000 gammas per milli-

_liter of said.yeast.
solid carriers as diatomaceous earth, activated carbon,.. .

4. A yeast composition adapted for the fermentation
of _beer in brewery operations comprising essentially

_Saccharomyces cerevisiae in admixture with polymyxin

and penicillin each in an amount between 1 and 4000
gammas per .milliliter of said yeast.

5. A composition in dosage unit form for stimulating
the yeast fermentation of beer, ale, or industrial alcohol

“comprising not less than -about 0.4 gram' of polymyxin

and about 0.75 gram -of penicillin per 100 pounds of

" yeast used in sald fermentation and a sterile carrier
“therefor. -
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mixed antibiotics which have excellent values as.an ani- -
mal and poultry feed. The vegetable residue contains - :

a growth promoting factor associated with the yeast and
polymyxin and the vitamins associated with the yeast.

The residue may be used as a feeding supplement with

all vegetable protein such as those derived from soybean
meal, peanut meal and the like.
A reference to pH reduction during a normal beer

fermentation and its relationship to the increase 'im al-
cohol production can be found in a paper entitled: Ex- .
periments on Bottom Fermentation 1. Methodology, by :
Erik Helm and Birger Trolle, Wallerstein Laboratones E

Communications 10, §7-98 (1947).

It is thought that the invention and its advantages will |

be understood from the foregoing description and ‘it is
apparent that various changes may be made in the form,
construction and arrangement of the parts without de-

60-

6. In a method of separating trub from the wort after
heating in the preparation of malt beverages, that im-
provement consisting essentially of adding at least about
0.05 ‘gamma -of polymyxin - per -milliliter -of -wort to- the

- wort' while cooling and in the absence of starter yeast.
7. In-a 'method of separating trub from the wort after
heating in the preparation of malt beverages, that im<

provement consisting essentially of adding at least about

-0.05--gamma -of -polymyxin- and ‘about 0.10 gamma of
-penicillin per: milliliter of wort to the wort while cooling
and in the absence of starter yeast.
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